(Received 29 August 1972) Dixon (1964a,b) showed that peptides could be transaminated non-enzymically, with conversion of the N-terminal amino acid residue into an oc-oxoacyl residue. Conditions can be selected that are sufficiently mild to offer the hope that the biological activity might be retained in many cases. The method has been applied successfully to cytochrome c-551 by Dixon & Moret (1964) , to carboxypeptidase by van Heyningen et al. (1968) and to insulin by Bunzli & Bosshard (1971) . The x-oxoacyl residue can be cleaved selectively from the rest of the molecule by treatment with a bifunctional nucleophile, o-phenylenediamine (Dixon & Moret, 1964; Heyningen & Dixon, 1967) . Although it is possible to modify and remove the N-terminal residue of a protein by the use of the Edman (phenyl isothiocyanate) procedure with retention of activity [e.g. for insulin (Brandenburg, 1969; Borras & Offord, 1970) ], transamination, which is more mild and is specific for a-amino groups, is probably of more general application.
We believe, in fact, that the method merits wider use, and the desire to demonstrate its successful application in the particularly unfavourable circumstance of a protein with N-terminal isoleucine (see below) was one reason for undertaking this work. In particular we wished to explore the transamination procedure as a means of bringing about temporary protection of the N-terminus of the chain. It is then possible to protect the E-amino groups, before exposing an a-amino group again, at which peptide couplings can be carried out with the production of semisynthetic proteins.
We trypsinogen. In the latter case 340mg of trypsinogen (once crystallized; Worthington) was chromatographed on CM-cellulose (Whatman CM 32) in columns of dimensions 90mmx55mm inside diameter. A linear gradient was used from 0.033M-citric acid-0.017M-trisodium citrate buffer, pH3.7 (1 litre), to 0.167M-citric acid-0.088M-trisodium citrate buffer, pH 3.7 (1 litre). The flow rate was 80ml/h. The trypsinogen fraction, after dialysis against distilled water (five changes of 10 litres each) and freeze-drying, was activated according to the method of Maroux & Desnuelle (1969) . The resulting solution of trypsin was adjusted to pH 3.7 and dialysed against 0.033M-citric acid-0.017M-trisodium citrate buffer, pH3.7. The sample was then chromatographed as before, except that the final eluent was 0.2M-citric acid-0.1 Mtrisodium citrate buffer, pH3.7. The product was dialysed against 0.001 M-HCI (three changes of 5 litres each) and freeze-dried.
The N-terminal residue of trypsin is isoleucine (Walsh & Neurath, 1964) . Isoleucine residues are very resistant to transamination and special conditions have to be used (Dixon, 1970) . These involve the incubation at 37°C of an aqueous solution of the protein (1 mg/ml in the present experiments) that is 1 M in pyridine, 50mM in acetic acid, 10mmm in Ni2+ (acetate) and 0.2M in sodium glyxoylate. [The glyoxylate was prepared from commercial glyoxylic acid by the method of Radin & Metzler (1955) .] The solution was also made 10mM in Ca21 (chloride) to help stabilize the trypsin.
The progress of the reaction was followed in three ways. These were the determination of enzyme activity by the method of Schwert & Takanaka (1955) , the determination of the quantity of ac-oxoacyl groups by the method of Fields & Dixon (1971) and dansylation (Gray & Hartley, 1963 (Woods & Wang, 1967) .
When the protein was incubated with the complete transamination mixture it was precipitated and enzymic activity was lost. The process was largely over after 30min and completely so after 4h. Control experiments in which Ni2+ or glyoxylate was omitted did not give precipitates (provided, in the case of the Ni2+-free control, that the CaCl2 was present). In these control experiments the trypsin retained 52 and 65% of its original activity respectively on an 18h incubation.
The trypsin that had been incubated for 4h or more with the full mixture gave a strongly positive reaction in the 2,4-dinitrophenylhydrazine test, whereas adequately dialysed controls did not. The colour of the 2,4-dinitrophenylhydrazine derivative was fully developed after 90min. The insolubility of the protein, and the consequent necessity for urea to bring it into solution, interfered with the quantitative determination, even though the appropriate blanks were included. Assuming a value of 12000 for the molar extinction coefficient at 370nm for the phenylhydrazone (see Fields & Dixon, 1971 ) and applying the appropriate controls, the yield of the a-oxo derivative appeared to be 60%. However, we were unable to devise an adequate control to gauge the effect of urea on the extinction coefficient.
Dansylation made it appear that reaction was complete after 4h. Worthington trypsin, before transamination, gave dansyl-isoleucine, a spot assumed to be a dansyl-isoleucyl dipeptide (the N-terminal sequence of trypsin is Ile-Val), O-dansyl-tyrosine and traces of dansyl-valine and dansyl-leucine. The purified trypsin gave only the dansyl-isoleucine, dansyl-dipeptide and O-dansyl-tyrosine (e-dansyllysine was not seen in the chromatographic system used). After transamination of either preparation of trypsin only O-dansyl-tyrosine was visible, a useful control of the quantity of protein applied.
Scission of the c-oxoacyl residue
Scission of the c-oxoacyl residue was then carried out by reaction with o-phenylenediamine (2M-sodium acetate-2M-acetic acid-40mM-o-phenylenediamine), incubated ovemight (van Heyningen & Dixon, 1967) at 370C. The protein solution was then dialysed against three changes of a large volume of 0.001 M-HCI and freeze-dried.
There was no regeneration of enzyme activity and the protein remained highly insoluble. However, dansylation now showed the presence of N-terminal valine (the residue that would be expected) in addition to the O-dansyl-tyrosiine, The Ni2+-free and glyoxylate-free controls still had over 50% of their activity after being subjected first to the transamination and then to the scission reaction under otherwise identical conditions. These control samples retained their N-terminal isoleucine throughout, but developed some leucine and valine in addition, presumably as a result of autolysis (see, e.g., Maroux & Desnuelle, 1969) . The valine shown by the experimental sample is most unlikely to be the result of autolysis because of the rapid inactivation of the protein in the full transamination mixture, the subsequent lack of an end group and the positive identification of an ax-oxoacyl group.
In a preliminary experiment, suggested by Dr. H. B. F. Dixon, aminophenylaminomethanephosphonic acid was used for scission. This reagent was prepared by Dr. Dixon as described in the Appendix (Dixon, 1972) . The conditions for scission were as follows: purified trypsin that had been transaminated was dissolved at a concentration of 1 mg/ml in an aqueous 0.1M solution of the reagent that had been adjusted to pH 7.1 with NaOH and that was 8M in urea. The reaction was carried out overnight at room temperature and the product was dialysed and freezedried as before. The scission, as judged by dansylation, was complete. There was no restoration of enzymic activity.
Conclusion
We conclude from the results described above that the transamination, and subsequently the removal, of the N-terminal residue were successfully carried out. The experience of other workers with these reactions (for a review see D'ixon & Fields, 1972) gives no strong reason to expect that any other covalent change would have been brought about in the trypsin molecule, The insolubility of the product, wbich persists after scission of the ox-oxoacyl residue, is all the more surprising and will require further investigation, for example by means of the replacement of isoleucine, and derivatives of it, on to the N-terminal valine residue that is now revealed.
The N-terminal isoleucine residue of trypsin has been implicated in the enzymic activity (for a review see Stroud et al., 1971) , although others have suggested that, at least in the closely analogous case of chymotrypsin, the amino group plays no part (Blair et al., 1971; . Although insoluble enzymes are sometimes fully active, the insolubility that we have encountered clearly makes it impossible for us to throw any light on this question at present. All that can be said at the moment, therefore, is that the transamination could have proved that the x-amino group is inessential to activity, but that it did not.
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